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OPTICAL TRANSMISSION APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to an optical transmis 
sion apparatus which is operable stably without being 
effected by ambient temperature. 
A prerequisite with an optical transmission apparatus 

is that a beam issuing from a semiconductor laser or like 
light source be incident to an optical ?ber, which de 
?nes a transmission path, while being maintained at a 
predetermined intensity level despite any variation of 
ambient temperature. One approach to meet such a 
prerequisite is sensing and controlling the optical output 
of the light source itself, as disclosed in US. Pat. No. 
Re. 31,969. Another approach is maintaining the tem 
perature of the light source itself constant, as shown and 
described in US. Pat. No. 4,338,577. Speci?cally, the 
light source output sense and control scheme is such 
that light emanating from the opposite side of a semi 
conductor laser to the side which is connected to an 
optical ?ber is sensed by a photosensor to so control a 
bias current applied to the laser as to maintain the aver 
age optical input to the optical ‘?ber constant. This kind 
of scheme, however, has a problem that the current 
threshold of the laser varies with temperature. On» the 
other hand, the light source temperature control 
scheme is such that the temperature of a semiconductor 
laser is sensed by a temperature sensor to so control the 
current being fed .to a light absorbing and radiating 
arrangement as to maintain the temperature of the laser 
constant. Generally referred to as a thermoelectric 
cooler, the heat absorbing and radiating arrangement is 
implement by those elements which use, among various 
thermoelectric effects known in the art, the Peltier ef 
fect. Various efforts heretofore made to implement high 
quality and stable optical transmission rely on either one 

. of the above-stated two different approaches. 
A problem with using any of the above two ap 

proaches as it is that the ambient temperature range in 
which an optical transmission apparatus is usable would 
be limited and, therefore, the apparatus would fail to 
desirably operate under severe environmental condi 
tions. A semiconductor laser, for example, is operable 
only in a temperature range which is usually 0' C. to 60° 
C. Speci?cally, at temperatures above 60° C., the ten 
dency of the optical output to drive current characteris 
tic to become saturated due to the temperature depen 
dence of external differential quantum efficiency is no 
ticeably aggravated and, in addition, the tendency of 
the current threshold to increase is sped up. These in 
combination prevents a high optical output from being 
maintained and thereby renders the apparatus unfeasible 
for~use in high temperature environments. On the other 
hand, at temperatures below 0° C. which are lower than 
the dew point, decision regarding a kink at a laser de 
vice level is dif?cult; a kink would cause the optical 
output to become unstable therearound. When use is 
made of the previously mentioned heat absorbing and 
radiating arrangement, the permissible difference be 
tween the ambient temperature and the temperature of 
a semiconductor laser is up to 40° to 45° C. Hence, 
assuming that the temperature of a semiconductor laser 
itself. is 25° C., the upper limit of permissible ambient 
temperatures is substantially 65° C. to 70° C. Further, 
since such an arrangement needs an extra current source 
of about 1 ampere and consumes substantial power, 
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2 
some implementation has to be provided to reduce 
power consumption as far as possible. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an optical transmission apparatus capable of 
operating with stability even under severe environmen 
tal conditions. ' 

It is another object of the present invention to pro 
vide a generally improved optical transmission appara 
tus. 
Accordingly, the present invention provides an opti 

cal transmission apparatus comprising a light emitting 
device, a light controller, a temperature sensor, a tem 
perature controller, and decision circuitry. The light 
emitting device emits coherent light. The light control 
ler includes a ?rst feedback circuit and a photo sensor 
for stabilizing the light emitted by the light emitting 
device by sensing at least a part of the emitted light. The 
temperature sensor senses the temperature of the light 
emitting device. The temperature controller includes a 
second feedback circuit and a heat transfer device and is 
responsive to the temperature sensed by the tempera 
ture sensor for controlling the temperature of the light 
emitting device. The decision circuitry identi?es one of 
three different stages to which the temperature of the 
light emitting device belongs and information from the 
decision circuitry is fed to at least one the ?rst and 
second feedback circuits to stabilize the output of the 
light emitting device. ' 
The present invention also provides an optical trans 

mission apparatus comprising a light emitting device, a 
?rst control arrangement, a heat transfer device, and a 
second control arrangement. The light emitting device 
emits coherent light. The ?rst control arrangement 
includes a ?rst feedback circuit and a photo sensor 
coupled to the light emitting device to stabilize the light 
output by the light emitting device when the tempera 
ture is within a predetermined range. The heat transfer 
device is thermally coupled to the light emitting device. 
The second control arrangement includes a temperature 
sensor thermally coupled to the light emitting device 
and a second feedback circuit coupled to the heat trans 
fer device so the heat transfer device supplies heat to 
the light emitting device when the temperature is below 
the predetermined range, removes heat from the light 
emitting device when the temperature is above the pre 
determined range, and in inoperative when the tempera 
ture is within the predetermined range. 
The present invention further provides an optical 

transmission apparatus comprising a light emitting de 
vice, a photo sensor, a temperature sensor, a heat trans 
fer device, and a control arrangement. The light emit 
ting device emits coherent light. The photo sensor is 
optically coupled to the light emitting device for sens 
ing at least a part of the emitted light. The temperature 
sensor is thermally coupled to the light emitting device 
for sensing the temperature of the light emitting device. 
The heat transfer device is thermally coupled to the 
light emitting device for supplying heat to the light 
emitting device and for removing heat from the light 
emitting device. The control arrangement includes de 
cision circuitry connected to the temperature sensor for 
determining whether the sensed temperature is below, 
within, or above the predetermined temperature range 
and a ?rst feedback circuit coupled to the photo sensor 
and the light emitting device and a second feedback 
circuit coupled to the heat transfer device for stabilizing 
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the light emitted by the light emitting device, causing 
the heat transfer device to supply heat to the light emit 
ting device and causing the heat transfer device to re 
move heat from the light emitting device in accordance 
with the determination of the decision circuitry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages 
of the present invention will become more apparent 
from the following detailed description taken with the 
accompanying drawings in which: 
FIG. 1 is a schematic block diagram of a ?rst embodi 

ment of the optical transmission apparatus in accor 
dance with the present invention; 
FIG. 2 is a perspective view of an optical module 

included in the apparatus of FIG. 1; 
FIG. 3 is a plot representative of temperature depen 

dence of the resistance of a thermistor which serves as 
a temperature sensor; 
FIG. 4 is a circuit diagram showing speci?c construc 

tions of a semiconductor laser unit, photosensor and 
?rst feedback circuit which are included in the appara 
tus of FIG. 1; 
FIG. 5 is a circuit diagram showing speci?c construc 

tions of a second feedback circuit and decision circuit 
which are also included in the apparatus of FIG. 1; and 
FIG. 6 is a schematic block diagram showing a sec 

ond embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 

30 

Referring to FIG. 1 of the drawings, an optical trans- _ 
mission apparatus embodying the present invention is 
shown and generally designated by the reference nu 
meral 10. As shown, the apparatus 10 is generally made 
up of an optical module 12 for emitting a beam, and a 
controller which includes a ?rst feedback circuit 14 
adapted to stabilize the beam issuing from the optical 
module 12, a second feedback circuit 16 and a decision 
circuit 18. The optical module 10 is constituted by a 
semiconductor laser unit or light source 20, optics 22 for 
focusing a beam 24f which issues foward from the laser 
unit 20 onto an input end 260 of an optical fiber 26, a 
photosensor 28 sensitive to a beam 24r which issues 
rearward from the laser unit 20, a thermistor or temper 
ature sensor 30 sensitive to ambient temperature, a heat 
absorbing and radiating arrangement 32 which com 
prises Peltier-effect elements for heating and cooling 
the laser unit 20. More speci?cally, as shown in FIG. 2, 
the laser unit 20, thermistor 30 and photosensor 28 are 
individually soldered to a heat absorbing end plate 34. 
A heat radiating end plate 36 is located to face the heat 
absorbing end plate 34 while Peltier-effect elements 
which constitute the arrangement 32 is interposed be 
tween and ?xed to the opposite end plates 34 and 36. 
The ?rst feedback circuit 14 functions to control the 

laser unit 20 such that the rearward beam 24r issuing 
from the laser unit 20 remains at a constant intensity 
level without being affected by ambient temperature 
Ta. Since the threshold current I”, of the laser 20 which 
is represented by Ith 01 exp (Ta/To) is variable with the 
ambient temperature Ta, a drive current in the ?rst 
feedback circuit 14 is selectively increased and de 
creased to maintain the optical output constant. Here, 
To is representative of a constant which is dependent 
upon the laser unit 20 as well as how the unit 20 is 
mounted; it reaches an in?ection point when the ambi 
ent temperature Ta is about 50° C. to 60° C. and sharply 
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4 
decreases as the latter exceeds such a range. This means 
that at temperatures above 60° C. the drive current has 
to be greatly increased. In the light of this, the ?rst 
feedback circuit 14 is constructed such that the upper 
limit T2 of ambient temperature Ta is 60° C. and, consid 
ering the reliability of operation, the lower limit T1 
which does not cause a kink is 0° C. Hence, the effective 
temperature range of the ?rst feedback circuit 14 is 0’ 
C. to 60° C. The thermistor, or temperature sensor, 30 is 
adapted to sense the upper limit of 60° C. and the lower 
limit of 0° C. 
As shown in FIG. 3, the resistance of the thermistor 

30 is highly susceptible even to a slight change of tem 
perature. As shown in FIG. 2, the thermistor 30 is lo 
cated in the vicinity of the laser unit 20 and rigidly 
mounted on the heat absorbing and radiating arrange 
ment 32 via the heat absorbing end plate 34. In this 
construction, the ‘laser unit 20 is heated and cooled 
depending upon the direction of the current which is 
applied to the arrangement 32. 
The decision circuit 18 identi?es one of three differ 

ent stages to which an instantaneous temperature condi 
tion belongs, in terms of the resistance of the thermistor 
30. The resulting information from the decision circuit 
18 is fed to the second feedback circuit 16. Speci?cally, 
when the ambient temperature Ta is lowered beyond 
the lower limit T1 which is 0° C., a current is fed to the 
heat absorbing and radiating arrangement 32 to control 
the resistance of the thermistor 30 to 30 kiloohms and 
thereby to heat the laser unit 20. Conversely, when the 
ambient temperature Ta is elevated beyond the upper 
limit T; which is 60° C., a current is fed to the arrange 
ment 32 in the opposite direction to the above-men 
tioned to thereby cool the laser unit 20. While the ambi 
ent temperature Ta is settled within the range of 0° C. to 
60° C., only the ?rst feedback circuit 14 functions to 
stabilize the optical output with no current fed to the 
arrangement 32. 
With the above construction, the optical transmission 

apparatus is operable over an extended ambient temper 
ature range which is —40° C. to 85° C. In addition, since 
the current which should be fed to the heat absorbing 
and radiating arrangement 32 is as small as about 0.5 
ampere which is approximately one half the conven 
tional current, promoting the cut-down of power con 
sumption. The resistance of the thermistor 30 is divided 
stepwise into three stages so that the decision circuit 18 
decides which of the commands associated with the 
three stages should be responded; the values associated 
with T1 and T2 should only be determined on the basis 
of the temperature range to be adopted. Typical of 
temperature control methods known in the art is a 
method which uses a bridge circuit. 

Referring to FIG. 4, speci?c constructions of the 
laser unit 20, photosensor 28 and ?rt feedback circuit 14 
are shown. As shown, the laser unit 20 is made up of a 
laser or light emitting element 202, and a control circuit 
212 for controlling a beam issuing from the laser 202 in 
response to input data. The control circuit 212 is consti 
tuted by transistors 204 and 206 and resistors 208 and 
210. The photosensor 28 is made up of a photoelectric 
transducer or light-sensitive element 282 to which the 
beam from the laser 202 is incident, an averaging circuit 
284 for averaging electric outputs of the light-sensitive 
element 282, and a resistor 286. Further, the ?rst feed 
back circuit 14 is made up of an operational ampli?er 
(OP AMP) 146 to which an averaged output appearing 
on terminals 288 and 290 of the averaging circuit 284 is 
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fed to the terminals 142 and 144, and a potentiometer 
148 for applying a reference voltage to the OP AMP 
146. The OP AMP 146 generates an output signal re 
sponsive to the voltage appearing on the terminals 142 
and 144. The OP AMP 146 reduces its output current 
by increasing the voltage to the terminals 142 and 144, 
and increases the current by reducing the voltage to the 
terminals. That is, when the optical output of the laser 
unit 20 is increased (reduced), the OP AMP 146 reduces 
(increases) the current fed to the laser unit 20 and 
thereby the output of the laser unit 20 resulting in the 
output of the laser unit 20 being kept constant. 
FIG. 5 shows speci?c constructions of the second 

feedback circuit 16 and decision circuit 18. The decision 
circuit 18 comprises two OP AMPs 186 and 188 to 
which an output of the thermistor 30 is fed via terminals 
182 and 184, and potentiometers 190 and 192 adapted to 
apply reference voltages to the OP AMPs 186 and 188, 
respectively. The second feedback circuit 16 comprises 
relays 162 and 164 to which outputs of the OP AMPs 
186 and 188 are respectively fed. While the relay 162 is 
constituted by a relay coil 166 and a relay contact 170, 
the relay 164 is made up of a relay 168 and a relay 
contact 172. Movable contacts 170a and 1720 of the 
relay contacts 170 and 172, respectively are connected 
to the heat absorbing and generating arrangement 32, 
and stationary contacts 17% and 17212 of the same are 
connected to a power source circuit 38 as shown in the 
?gure. 

In FIG. 5, assume that the temperature of the laser 
unit 20 is elevated until a relationship of Ta>T2 holds. 
Then, the resistance of the thermistor 30 decreases with 
the result that the potetial difference between the input 
terminals 186a and 186b of the OP AMP 186 is in 
creased. Consequently, the output voltage of the OP 
AMP 186 is increased to trigger the relay 162 so that a 
current is fed from the power source circuit 38 to the 
heat absorbing and generating arrangement 32. At this‘ 
instant, the movable contact 170a of the relay 170 is 
connected to the stationary contact 17% while, at the 
same time, the movable contact 172a of the relay 172 is 
connected to the stationary contact 172b. However, 
while the ambient temperature Ta remains between T1 
and T2, i.e., T1<Ta<T2, the output voltages of the OP 
AMPs 186 and 188 are lowered compared to the case 
wherein Ta>T2 holds, resulting in one of the relays 162 
and 164 becoming inoperative. Speci?cally, since the 
movable contact 170a of the relay 162 is connected to 
the stationary contact 1700 and the movable contact 
1720 of the relay 164 is connected to the stationary 
contact 172b, no current is fed from the power source 
circuit 38 to the arrangement 32. Further, when a rela 
tion Ta<T1 holds, the movable contacts 170a and 172a 
of the relays 162 and 164, respectively, are respectively 
connected to the stationary contacts 1700 and 172a. As 
a result, a current is fed from the power source 38 to the 
arrangement 32 in the opposite direction. In this man 
ner, the Peltier-effect elements of the arrangement 32 
absorb and radiate heat selectively depending upon the 
direction of current, i.e., it absorbs heat under the condi 
tion of Ta>T2 and radiates heat in the condition of 
Ta<T1. 

In summary, it will be seen that the present invention 
provides an optical communication apparatus which 
realizes an unprecedented operable temperature range 
and halves the power consumption by a heat absorbing 
and radiating arrangement, by using the combination of 
control over an optical output and control over the 

6 
temperature of a semiconductor laser. Moreover, even 
when the apparatus is used at temperatures ranging 
from —40° C. to 85° C., its service life is extended be 
cause the operating temperature range of a semiconduc 
tor laser itself is 0° C. to 60° C. 

Various modi?cations will become possible for those 
skilled in the art after receiving the teachings of the 
present disclosure without departing from the scope 

' thereof. For example, the semiconductor light emitting 
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element and the temperature sensor are not limited to a 
semiconductor laser and a thermistor, respectively. 
Hence, the speci?c resistance values used by the deci 
sion circuit 18 for evaluation may be changed depend 
ing upon the physical quantity which is produced by the 
temperature sensor in response to a change of ambient 
temperature. Further, the speci?c numerical values 
have been used for illustration only. 

‘The ?rst feedback circuit 14 adapted for optical out 
put control and the second feedback circuit 16 may be 
enabled when the ambient temperature Ta lies in the 
range of 0° C. to 60° C. and in the other ranges, respec 
tively, conversely to the relationship shown and de 
scribed. Speci?cally, in a modi?cation shown in FIG. 6, 
an optical transmission apparatus 10A is constructed 
such that the second feedback circuit 16 is enabled 
when the ambient temperature is 0° C. to 60° C. so as to 
control the semiconductor laser to a certain tempera 
ture while, when the ambient temperature is brought 
out of that range, the ?rst feedback circuit 14 is enabled 
together with the circuit 16 by an output of the decision 
circuit 18. In this case, although the temperature of the 
laser unit 20 increases and decreases beyond the prede 
termined level, the stability of optical output is not 
affected at all. 
What is claimed is: 
1. An optical transmission apparatus comprising: 
light emitting means for outputting coherent light; 
output light control means including a ?rst feedback 

circuit and a photosensor for stabilizing the light 
output by said light emitting means by sensing a 
part of said light; 

temperature sensor means for sensing an ambient 
temperature 

temperature control means including a second feed 
back circuit and a heat transfer means, said temper~ 
ature control means being responsive to said ambi 
ent temperature sensed by said temperature sensor 
means for controlling the temperature of said light 
emitting means; and 

.decision means for determining whether the tempera 
ture sensed by said temperature sensor means lies in 
a predetermined temperature range and for deter 
mining which one of said light control means or 
temperature control means should have priority; 
said decision means further identifying any one of 
three different stages to which the temperature of 
the light emitting means belongs such that informa 
tion from said decision means is fed to at least one 
of the ?rst and second feedback circuits to stabilize 
the output of the light emitting means. 

2. An apparatus as claimed in clain 1, wherein said 
decision means is operatively connected to said temper 
ature control means so that when the decision means 
determines that the temperature sensed by said tempera 
ture sensor means is out of the predetermined tempera 
ture range, ,said temperature control means operates to 
bring the temperature back into the predetermined tem 
perature range. 
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3. An apparatus as claimed in claim 1, wherein said 
decision means renders inoperative said heat transfer 
means when the temperature sensed by said tempera 
ture sensor means lies in the predetermined temperature 
range and renders operative said heat transfer means 
when said temperature is out of said predetermined 
temperature range. 

4. An apparatus as claimed in claim 1, wherein said 
light emitting means comprises a semiconductor laser. 

5. An apparatus as claimed in claim 1, wherein said 
temperature sensor means comprises a thermistor. 

6. An optical transmission apparatus comprising: 
a light emitting device for emitting coherent light; 
a ?rst control arrangement including a ?rst feedback 

circuit and a photosensor coupled to the light emit 
ting device to stabilize the light output by the light 
emitting device when an ambient temperature is 
within a predetermined temperature range; 

a heat transfer device thermally coupled to the light 
emitting device; and 

a second control arrangement thermally coupled to 
the light emitting device and a second feedback 
circuit coupled to the heat transfer device so the 
heat transfer device supplies heat to the light emit 
ting device when the temperature is below the 
predetermined range, removes heat from the light 
emitting device when the temperature is above the 
predetermined range, and is inoperative when the 
temperature is within the predetermined range. 

7. An apparatus as claimed in claim 6, wherein the 
light emitting device comprises a semi-conductor laser. 

8. An apparatus as claimed in claim 6, wherein the 
?rst control arrangement includes a photosensor opti 
cally coupled to the light emitting device. 

9. An apparatus as claimed in claim 8, wherein the 
?rst control arrangement further includes circuitry 
electrically coupled to the photosensor and the light 
emitting device for increasing and decreasing the drive 
current to the light emitting device to maintain the light 
emitted by the light emitting device constant. 

10. An apparatus as claimed in claim 6, wherein the 
heat transfer device includes at least one Peltier-effect 
element. 

11. An apparatus as claimed in claim 6, wherein the 
second control arrangement includes a temperature 
sensor thermally coupled to the light emitting device. 

12. An apparatus as claimed in claim 11, wherein the 
temperature sensor comprises a thermistor. 

13. An apparatus as claimed in claim 11, wherein the 
second control arrangement further includes circuitry 
electronically coupled to the temperature sensor and 
the heat transfer device for determining whether the 
temperature is below, within, or above the predeter 
mined temperature range. 

14. An apparatus as claimed in claim 13, wherein the 
heat transfer device includes at least one Peltier-effect 
element and wherein the circuitry includes a power 
source and a relay arrangement operatively connected 
between the power source and the Peltier-effect ele 
ment to supply current in one direction from the power 
source to the Peltier-effect element if the temperature is 
below the predetermined temperature range, to supply 
current in the opposite direction from the power source 
to the Peltier-effect element if the temperature is above 
the predetermined temperature range, and to supply no 
current from the power source to the Peltier-effect 
element if the temperature is within the predetermined 
temperature range. 

15. An apparatus as claimed in claim 6, wherein the 
light emitting device comprises a semi-conductor laser, 
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8 
wherein the ?rst feedback circuit includes circuitry for 
increasing and decreasing drive current to the light 
emitting device to maintain the optical output constant, 
wherein the heat transfer device includes at least one 
Peltier-effect element, wherein the temperature sensor 
includes a thermistor, and wherein the second control 
arrangement includes circuitry electronically coupled 
to the thermistor for determining whether the tempera 
ture is below, within, or above the predetermined tem 
perature range, the circuitry including a power source 
and a relay arrangement coupled between the power 
source and the Peltier-effect element to supply current 
in one direction from the power source to the Peltier 
effect element when the temperature is below the pre 
determined temperature range, to supply current in the 
opposite direction from the power source to the Peltier 
effect element when the temperature is above the prede 
termined temperature range, and to supply no current 
from the power source to the Peltier-effect element 
when the temperature is within the predetermined tem 
perature range. 

16. An optical transmission apparatus comprising: 
a light emitting device for emitting coherent light; 
a photosensor optically coupled to the light emitting 

device for sensing at least a part of the emitted 
light; ‘ 

a temperature sensor thermally coupled to the light 
emitting device for sensing the temperature of the 
light emitting device; 

a heat transfer device thermally coupled to the light 
emitting device for supplying heat to the light emit 
ting device and for removing heat from the light 
emitting device; and 

a control arrangement including decision circuitry 
connected to the temperature sensor for determin 
ing whether the sensed temperature is below, 
within, or above a predetermined temperature 
range and a ?rst feedback circuit coupled to the 
photosensor and the light emitting device and a 
second feedback circuit coupled to the heat trans 
fer device for stabilizing the light emitted by the 
light emitting device, causing the heat transfer 
device to supply heat to the light emitting device, 
and causing the heat transfer device to remove heat 
from the light emitting device in accordance with 
the determination of the decision circuitry. 

17. An apparatus as claimed in claim 20 wherein the 
second feedback circuit causes the heat transfer device 
to supply heat to the light emitting device when the 
decision circuitry determines that the sensed tempera 
ture is below the predetermined temperature range, 
causes the heat transfer device to remove heat from the 
light emitting device when the decision circuitry deter 
mines that the sensed temperature is above the predeter 
mined temperature range, and causes the heat transfer 
device to be inoperative when the decision circuitry 
determines. that the sensed temperature is within the 
predetermined temperature range. 

18. An apparatus as claimed in claim 16 wherein the 
second feedback circuit causes the heat transfer device 
to supply heat to the light emitting device when the 
decision circuitry determines that the sensed tempera 
ture is below the predetermined temperature range. 

19. An apparatus as claimed in claim 17 wherein the 
second feedback circuit causes the heat transfer device 
to remove heat from the light emitting device when the 
decision circuitry determines that the sensed tempera 
ture is above the predetermined temperature range. 
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